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(57) ABSTRACT 
A polymeriZable anion-containing sulfonium salt having for 
mula (1) is provided wherein R1 is H, F, methyl or tri?uorom 
ethyl, R2, R3 and R4 are C l-C 10 alkyl, alkenyl or oxoalkyl or 
C6-C 18 aryl, aralkyl or aryloxoalkyl, or tWo of R2, R3 and R4 
may bond together to form a ring With S, A is a C2-C2O 
hydrocarbon group having cyclic structure, and n is 0 or 1. 
The sulfonium salt generates a very strong sulfonic acid upon 
exposure to high-energy radiation. A resist composition com 
prising a polymer derived from the sulfonium salt is also 
provided. 
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POLYMERIZABLE ANION-CONTAINING 
SULFONIUM SALT AND POLYMER, RESIST 

COMPOSITION, AND PATTERNING 
PROCESS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This non-provisional application claims priority under 35 
U.S.C. §119(a) on Patent Application No. 2008-268147 ?led 
in Japan on Oct. 17, 2008, the entire contents of Which are 
hereby incorporated by reference. 

TECHNICAL FIELD 

This invention relates to (1) a polymeriZable anion-con 
taining sulfonium salt useful as a photoacid generator or a 
monomer to sulfonic acid polymer, (2) a polymer derived 
from the sulfonium salt monomer and capable of generating a 
sulfonic acid in response to high-energy radiation or heat, (3) 
a resist composition comprising the polymer, and (4) a pat 
terning process using the resist composition. 

BACKGROUND ART 

While a number of recent efforts are being made to achieve 
a ?ner pattern rule in the drive for higher integration and 
operating speeds in LSI devices, DUV andVUV lithography 
is thought to hold particular promise as the next generation in 
microfabrication technology. In particular, photolithography 
using an ArF excimer laser as the light source is thought 
requisite to the micropatteming technique capable of achiev 
ing a feature siZe of 0.13 pm or less. 
TheArF lithography startedpartial use from the fabrication 

of 130-nm node devices and became the main lithography 
since 90-nm node devices. Although lithography using F2 
laser (157 nm) Was initially thought promising as the next 
lithography for 45-nm node devices, its development Was 
retarded by several problems. A highlight Was suddenly 
placed on the ArF immersion lithography that introduces a 
liquid having a higher refractive index than air (e.g., Water, 
ethylene glycol, glycerol) betWeen the projection lens and the 
Wafer, alloWing the projection lens to be designed to a numeri 
cal aperture (NA) of 1.0 or higher and achieving a higher 
resolution. See Journal of Photopolymer Science and Tech 
nology, Vol. 17, No. 4, p 587 (2004). 

In the photolithography using anArF excimer laser (Wave 
length 193 nm) as the light source, a high sensitivity resist 
material capable of achieving a high resolution at a small dose 
of exposure is needed to prevent the degradation of precise 
and expensive optical system materials. Among several mea 
sures for providing high sensitivity resist material, the most 
common is to select each component Which is highly trans 
parent at the Wavelength of 193 nm. For example, polymers of 
acrylic acid and derivatives thereof, norbomene-maleic anhy 
dride alternating copolymers, polynorbornene, ring-opening 
metathesis polymers, and hydrogenated ring-opening met 
athesis polymers have been proposed as the base resin. This 
choice is effective to some extent in that the transparency of a 
resin alone is increased. 

Studies have also been made on photoacid generators. In 
prior art chemically ampli?ed resist compositions for lithog 
raphy using KrF excimer laser, photoacid generators capable 
of generating alkane- or arene-sulfonic acids are used. HoW 
ever, the use of these photoacid generators in chemically 
ampli?ed resist compositions for ArF lithography results in 
an insu?icient acid strength to scissor acid labile groups on 
the resin, a failure of resolution, or a loW sensitivity. Thus 
these photoacid generators are not suited for the fabrication of 
microelectronic devices. 
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2 
For the above reason, photoacid generators capable of gen 

erating per?uoroalkanesulfonic acids having a high acid 
strength are generally used inArF chemically ampli?ed resist 
compositions. These photoacid generators capable of gener 
ating per?uoroalkanesulfonic acids have already been devel 
oped for use in the KrF resist compositions. For instance, 
JP-A 2000-122296 and US. Pat. No. 6,048,672 (or JP-A 
11-282168) describe photoacid generators capable of gener 
ating per?uorohexanesulfonic acid, per?uorooctanesulfonic 
acid, per?uoro-4-ethylcyclohexanesulfonic acid, and per 
?uorobutanesulfonic acid. JP-A 2002-214774, US Patent 
Application Publication 2003-0113659 A1 (JP-A 2003 
140332), and US Patent Application Publication 2002 
0197558 A1 describe novel acid generators capable of gen 
erating per?uoroalkyl ether sulfonic acids. 
Among these, per?uorooctanesulfonic acid and homo 

logues thereof (collectively referred to as PFOS) are consid 
ered problematic With respect to their non-degradability and 
biological concentration in the environment. Manufacturers 
made efforts to develop partially ?uorinated alkane sulfonic 
acids having a reduced degree of ?uorine substitution as the 
replacement to PFOS. For instance, JP-A 2004-531749 
describes the synthesis of 0t,0t-di?uoroalkanesulfonic acid 
salts from 0t,0t-di?uoroalkene and a sulfur compound and 
discloses a resist composition comprising a photoacid gen 
erator Which generates such sulfonic acid upon exposure, 
speci?cally di(4-tert-butylphenyl)iodonium 1,1-di?uoro-2 
(1 -naphthyl)-ethanesulfonate. JP-A 2004-2252 describes the 
development of 0t,0t,[3,[3-tetra?uoroalkanesulfonic acid salts 
from 0t,0t, [3, [3-tetra?uoro-0t-iodoalkane and sulfur compound 
and discloses a photoacid generator capable of generating 
such a sulfonic acid and a resist composition comprising the 
same. JP-A 2002-214774 discloses such photoacid genera 
tors as di?uorosulfoacetic acid alkyl esters and di?uorosul 
foacetic acid amides although their synthesis method is lack 
ing. Furthermore, JP-A 2005-266766 discloses a 
photosensitive composition comprising a compound capable 
of generating a partially ?uorinated alkane sulfonic acid hav 
ing a sulfonylamide structure derived from per?uoroalkylene 
disulfonyl di?uoride. 

In an attempt to form a ?ne feature siZe pattern With a pitch 
of less than 200 nm, the problem of pattern density depen 
dency (or optical proximity effect), that is, the siZe difference 
betWeen isolated and grouped patterns having different opti 
cal contrast becomes signi?cant. Using a photoacid generator 
capable of generating an acid With loW diffusion, the problem 
of pattern density dependency can be overcome to some 
extent, but not to a satisfactory extent. While the resist com 
position is required to achieve a further reduction of the 
pattern rule as Well as a good balance of sensitivity, substrate 
adhesion, and etching resistance, it is also required to ame 
liorate the pattern density dependency fundamentally Without 
a loss of resolution. 
Under the circumstances, it Was proposed to form a poly 

mer from an acryloyloxyphenyldiphenylsulfonium salt as a 
monomer for enhancing sensitivity (as described in JP-A 
4-230645) and to incorporate the monomer into a polyhy 
droxystyrene resin for improving the line Width roughness 
(LWR) of this base resin (as described in JP-A 2005-84365). 
HoWever, since the sulfonium salt is bonded at its cation side 
to the polymer, the sulfonic acid generated therefrom upon 
exposure to high-energy radiation is equivalent to the sulfonic 
acids generated by conventional photoacid generators, Which 
is unsatisfactory to overcome the outstanding problem. Also, 
sulfonium salts having an anion side incorporated into the 
polymer backbone such as polystyrenesulfonic acid are dis 
closed as effective in enhancing sensitivity or improving 
resist pattern pro?le (Japanese Patent No. 3613491). The 
acids generated therefrom are arenesulfonic and alkylsul 
fonic acid derivatives Which have too loW an acid strength to 
sever acid labile groups, especially acid labile groups in ArF 
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chemically ampli?ed resist compositions. JP-A 2006-178317 
discloses a polymer having a plurality of partially ?uorinated 
sulfonic acid anions as polymeriZable units, and a resist mate 
rial comprising the polymer. WO 2006-121096 discloses a 
polymer having three partially ?uorinated sulfonic acid 
anions in combination With a speci?c lactone compound. 
JP-A 2007-197718 discloses three anions. Since they are 
esters of carboxylic acids Which are strong acids, they are 
expected to be readily hydrolyZable and loW stable. Copoly 
mers derived therefrom have an insu?icient solubility in resist 
solvents. Furthermore, JP-A 2008-133448 discloses a sulfo 
nium salt having a partially ?uorinated alkane sulfonic acid 
anion as a polymeriZable unit, Which has insuf?cient resist 
performance in terms of LWR. 

With respect to the immersion lithography, some problems 
arise from minute Water droplets Which are left on the resist 
and Wafer after the immersion exposure. They can often cause 
damages and defects to the resist pattern pro?le. The resist 
pattern after development can collapse or deform into a T-top 
pro?le. There exists a need for a patterning process Which can 
form a satisfactory resist pattern after development according 
to the immersion lithography. 

The lithography techniques Which are considered promis 
ing next to the ArF lithography include electron beam (EB) 
lithography, F2 lithography, extreme ultraviolet (EUV) 
lithography, and x-ray lithography. In these techniques, expo 
sure must be done in vacuum or reduced pressure, Which 
alloWs the sulfonic acid generated during exposure to vola 
tiliZe, failing to form a satisfactory pattern pro?le. The sul 
fonic acid volatiliZed is damaging to the exposure system. In 
the EB and EUV lithography, it is desired to provide a resist 
material capable of minimiZing the in?uence of acid diffusion 
in order to comply With further pattern siZe reductions. 
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SUMMARY OF INVENTION 

An object of the present invention is to provide (1) a poly 
meriZable anion-containing sulfonium salt useful as a mono 
mer, (2) a polymer obtained from the sulfonium salt, (3) a 
resist composition comprising the polymer, Which composi 
tion exhibits a high resolution and exposure latitude When 
processed by the photolithography using high-energy radia 
tion, typically ArF excimer laser radiation, EUV radiation or 
EB as the light source, and (4) a patterning process using the 
resist composition. 

The inventors have found that a polymeriZable anion-con 
taining sulfonium salt having the general formula (1) shoWn 
beloW can be easily prepared, and that a resist composition 
comprising as a base resin a polymer comprising recurring 
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4 
units of the polymeriZable anion-containing sulfonium salt is 
improved in such properties as exposure latitude, pattern 
density dependency, and line Width roughness (LWR), and 
best suited for precise micropatteming. 

Thus the invention provides a polymeriZable anion-con 
taining sulfonium salt, a polymer derived therefrom, a resist 
composition, and a patterning process, as de?ned beloW. 

[Claim 1] 
A sulfonium salt having the general formula (1). 

e? 
R1 

0 

O 

Y" 

:<‘ 
O 

(1) 

0 

S03 

Herein R1 is hydrogen, ?uorine, methyl or tri?uoromethyl, 
R2, R3 and R4 are each independently a substituted or unsub 
stituted, straight or branched Cl-C1O alkyl, alkenyl or 
oxoalkyl group or a substituted or unsubstituted C6-Cl8 aryl, 
aralkyl or aryloxoalkyl group, or at least tWo of R2, R3 and R4 
may bond together to form a ring With the sulfur atom, A is a 
divalent C2-C2O hydrocarbon group of cyclic structure Which 
may contain a heteroatom, and n is 0 or 1. 

[Claim 2] 
A polymer capable of generating a sulfonic acid in 

response to high-energy radiation or heat, the sulfonic acid 
comprising recurring units of the general formula (1a). 

H 

( 

H 

R] 

) 

O 

O 

Y” 
:<O 

(1a) 

0 

Herein R1 is hydrogen, ?uorine, methyl or tri?uoromethyl, A 
is a divalent C2-C2O hydrocarbon group of cyclic structure 
Which may contain a heteroatom, and n is 0 or 1. 

[Claim 3] 
A polymer comprising recurring units of the general for 

mula (1b). 
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(1b) 
H R1 

( ) 

H 
o 

0 

Y" 
A 

O:< 
0 

R4 

so; ts — R3 

F F R2 

Herein R1 is hydrogen, ?uorine, methyl or tri?uoromethyl, 
R2, R3 and R4 are each independently a substituted or unsub 
stituted, straight or branched C l-C 10 alkyl, alkenyl or 
oxoalkyl group or a substituted or unsubstituted C6-Cl8 aryl, 
aralkyl or aryloxoalkyl group, or at least tWo of R2, R3 and R4 
may bond together to form a ring With the sulfur atom, A is a 
divalent C2-C2O hydrocarbon group of cyclic structure Which 
may contain a heteroatom, and n is 0 or 1. 

[Claim 4] 
The polymer of claim 3, further comprising recurring units 

of at least one type selected from the general formulae (2) to 
(6). 

(Z) 

(3) 

OH 

(4) 

I 

O 
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6 
-continued 

(6) 

Herein R1 is as de?ned above, R5 and R6 are each indepen 
dently hydrogen or hydroxyl, X is an acid labile group, Y is a 
substituent group having lactone structure, Z is hydrogen, 
Cl-Cl5 ?uoroalkyl or Cl-Cl5 ?uoroalcohol-containing sub 
stituent group, N is an integer of 0 to 2, R7 is hydrogen or 
Cl-Cl0 alkyl, B is a single bond or a divalent Cl-Cl0 hydro 
carbon group Which may have oxygen substituted thereon, a 
is an integer ofO to 3, and b is an integer ofl to 3. 

[Claim 5] 
The polymer of claim 3 or 4, further comprising recurring 

units of at least one type selected from the general formulae 
(7) to (l l). 

(7) 

(3) 

:m 
(9) 

( ) 

(10) 
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-continued 

H H 
(11) 

A V 

Herein R1 is as de?ned above, X is an acid labile group, and 
G is oxygen or carbonyloxy (iC(:O)Oi). 
[Claim 6] 
A resist composition comprising the polymer of any one of 

claims 3 to 5 as a base resin. 

[Claim 7] 
A resist composition comprising the polymer of any one of 

claims 3 to 5 and a polymer free of recurring units of formula 
(lb) as a base resin. 

[Claim 8] 
The resist composition of claim 6 or 7, further comprising 

a surfactant Which is insoluble in Water and soluble in an 
alkaline developer. 
[Claim 9] 
Apattem forming process comprising the steps of applying 

the resist composition of any one of claims 6 to 8 onto a 
substrate to form a coating, heat treating the coating and 
exposing it to high-energy radiation through a photomask, 
optionally heat treating the exposed coating, and developing 
it With a developer. 

[Claim 10] 
Apattem forming process comprising the steps of applying 

the resist composition of any one of claims 6 to 8 onto a 
substrate to form a resist coating, heat treating the resist 
coating, applying onto the resist coating a protective coating 
Which is insoluble in Water and soluble in an alkaline devel 
oper, exposing the coated substrate to high-energy radiation 
from a projection lens through a photomask While holding 
Water betWeen the substrate and the projection lens, option 
ally heat treating the exposed coating, and developing it With 
a developer. 

[Claim 11] 
Apattem forming process comprising the steps of applying 

the resist composition of any one of claims 6 to 8 onto a 
substrate to form a coating, heat treating the coating, image 
Wise Writing With an electron beam, optionally heat treating 
the coating, and developing it With a developer. 

It is noted that the resist composition of the invention can 
be applied to the immersion lithography. The immersion 
lithography involves prebaking a resist ?lm and exposing the 
resist ?lm to light through a projection lens With a liquid 
medium interposed betWeen the resist ?lm and the projection 
lens. The ArF immersion lithography generally uses pure 
Water as the immersion medium. This technology, combined 
With a projection lens having a NA of at least 1.0, is important 
for the ArF lithography to survive to the 65 nm node and forth, 
With a further development thereof being accelerated. 

The resist composition of the invention alloWs the feature 
siZe of the pattern after development to be reduced by various 
shrinkage techniques. For example, the hole siZe can be 
shrunk by such knoWn techniques as thermal ?oW, RELACS, 
SAFIRE, and WASOOM. More effective shrinkage of hole 
siZe by thermal ?oW is possible particularly When the inven 
tive polymer is blended With a hydrogenated cycloole?n ring 
opening metathesis polymerization (ROMP) polymer having 
a loW Tg. 
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8 
ADVANTAGEOUS EFFECTS OF INVENTION 

Since the polymeriZable anion-containing sulfonium salt 
has ?uorine atoms at ot-position relative to the sulfonic acid, 
it generates a sulfonic acid upon exposure to high-energy 
radiation, the sulfonic acid having a very high acidity enough 
to facilitate e?icient scission of acid labile groups in chemi 

cally ampli?ed resist compositions. The sulfonium salt is 
quite useful as a monomer for producing a base resin in a 

radiation-sensitive resist composition. Then, a radiation-sen 
sitive resist composition comprising the polymer as a base 
resin exhibits a high resolution and is improved in pattern 
density dependency and exposure margin. The polymer is 
advantageously used as a resist material in precise micropat 
teming. 

In the ArF immersion lithography, the leach-out of sulfonic 
acid in Water is minimiZed, and the in?uence of Water left on 
the Wafer is minimiZed to restrain defect formation. In the 

disposal of resist-containing Waste liquid after the device 
fabrication, (meth)acrylate moieties are hydrolyZable under 
basic conditions so that the polymer may be transformed into 
less accumulative compounds of loWer molecular Weight. In 
the disposal by combustion, the polymer is more combustible 
because of a loW degree of ?uorine substitution. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a diagram shoWing the 1H-NMR spectrum of 
Monomer l in Synthesis Example l-2l. 

FIG. 2 is a diagram shoWing the l9F-NMR spectrum of 
Monomer l in Synthesis Example l-2l. 

FIG. 3 is a diagram shoWing the 1H-NMR spectrum of 
Monomer 2 in Synthesis Example l-22. 

FIG. 4 is a diagram shoWing the l9F-NMR spectrum of 
Monomer 2 in Synthesis Example l-22. 

FIG. 5 is a diagram shoWing the 1H-NMR spectrum of 
Monomer 3 in Synthesis Example l-23. 

FIG. 6 is a diagram shoWing the l9F-NMR spectrum of 
Monomer 3 in Synthesis Example l-23. 

DESCRIPTION OF EMBODIMENTS 

As used herein, the singular forms “a,” “an” and “the” 
include plural referents unless the context clearly dictates 
otherWise. The notation (Cn-Cm) means a group containing 
from n to m carbon atoms per group. The term “high-energy 

radiation” is intended to encompass UV, deep UV, electron 
beam, EUV, x-ray, excimer laser, y-ray and synchrotron radia 
tion. In structural formulae, the broken line indicates a 
valence bond. 

Sulfonium Salt 

The ?rst aspect of the invention relates to a polymeriZable 
anion-containing sulfonium salt having the general formula 
(1). 
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cloak 
Herein R1 is hydrogen, ?uorine, methyl or tri?uoromethyl, 
R2, R3 and R4 are each independently a substituted or unsub 

stituted, straight or branched C l-C 10 alkyl, alkenyl or 
oxoalkyl group or a substituted or unsubstituted C6-Cl8 aryl, 
aralkyl or aryloxoalkyl group, or at least tWo of R2, R3 and R4 
may bond together to form a ring With the sulfur atom in the 

formula, A is a divalent C2-C2O hydrocarbon group of cyclic 
structure Which may contain a heteroatom, and n is 0 or 1. 

In formula (1 ), R2, R3 and R4 are each independently a 
substituted or unsubstituted, straight or branched C l-C 10 
alkyl, alkenyl or oxoalkyl group or a substituted or unsubsti 

tuted C6-C 18 aryl, aralkyl or aryloxoalkyl group, or any tWo or 
more of R2, R3 and R4 may bond together to form a ring With 
the sulfur atom in the formula. 

Speci?cally, suitable alkyl groups include, but are not lim 
ited to, methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, 
tert-butyl, pentyl, hexyl, heptyl, octyl, cyclopentyl, cyclo 
hexyl, cycloheptyl, cyclopropylmethyl, 4-methylcyclohexyl, 
cyclohexylmethyl, norbomyl, and adamantyl. Suitable alk 
enyl groups include, but are not limited to, Vinyl, allyl, pro 
penyl, butenyl, hexenyl, and cyclohexenyl. Suitable oxoalkyl 
groups include, but are not limited to, 2-oxocyclopentyl, 
2-oxocyclohexyl, 2-oxopropyl, 2-oxoethyl, 2-cyclopentyl-2 
oxoethyl, 2-cyclohexyl-2-oxoethyl, and 2-(4-methylcyclo 
hexyl)-2-oxoethyl. Suitable aryl groups include, but are not 
limited to, phenyl, naphthyl, thienyl, alkoxyphenyl groups 
such as 4-hydroxyphenyl, 4-methoxyphenyl, 3-methoxyphe 
nyl, 2-methoxyphenyl, 4-ethoxyphenyl, 4-tert-butoxyphenyl, 
and 3-tert-butoxyphenyl, alkylphenyl groups such as 2-me 
thylphenyl, 3-methylphenyl, 4-methylphenyl, 4-ethylphenyl, 
4-tert-butylphenyl, 4-n-butylphenyl, and 2,4-dimethylphe 
nyl, alkylnaphthyl groups such as methylnaphthyl and ethyl 
naphthyl, alkoxynaphthyl groups such as methoxynaphthyl 
and ethoxynaphthyl, dialkylnaphthyl groups such as dimeth 
ylnaphthyl and diethylnaphthyl, and dialkoxynaphthyl 
groups such as dimethoxynaphthyl and diethoxynaphthyl. 
Suitable aralkyl groups include benZyl, l-phenylethyl, and 
2-phenylethyl. Suitable aryloxoalkyl groups are 2-aryl-2 
oxoethyl groups such as 2-phenyl-2-oxoethyl, 2-(l-naph 
thyl)-2-oxoethyl, and 2-(2-naphthyl)-2-oxoethyl. When any 
tWo or more of R2, R3 and R4 bond together to form a ring With 
the sulfur atom, exemplary cyclic structures are shoWn beloW. 
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In the formulae, R4 is as de?ned above. 
Illustrative non-limiting examples of the sulfonium cation 

include triphenylsulfonium, 4-hydroxyphenyldiphenylsulfo 
nium, bis(4-hydroxyphenyl)phenylsulfonium, tris(4-hydrox 
yphenyl)sulfonium, 4-tert-butoxyphenyldiphenylsulfonium, 
bis(4-tert-butoxyphenyl)phenylsulfonium, tris(4-tert-butox 
yphenyl)sulfonium, 3-tert-butoxyphenyldiphenylsulfonium, 
bis (3 -tert-butoxyphenyl)phenyl sulfonium, tri s(3 -tert-butox 
yphenyl)sulfonium, 3,4-di-tert-butoxyphenyldiphenylsulfo 
nium, bis(3,4-di-tert-butoxyphenyl)phenylsulfonium, tris(3, 
4-di-tert-butoxyphenyl)sulfonium, diphenyl(4 
thiophenoxyphenyl)sulfonium, 4-tert 
butoxycarbonylmethyloxyphenyldiphenylsulfonium, tris(4 
tert-butoxycarbonylmethyloxyphenyl)sulfonium, (4-tert 
butoxyphenyl)bis(4-dimethylaminophenyl)sulfonium, tris 
(4-dimethylaminophenyl)sulfonium, 
2-naphthyldiphenylsulfonium, 
ylphenyl)diphenylsulfonium, (4-n-hexyloxy-3,5-dimeth 
ylphenyl)diphenylsulfonium, dimethyl(2-naphthyl)sulfo 
nium, 4-hydroxyphenyldimethylsulfonium, 
4-methoxyphenyldimethylsulfonium, trimethylsulfonium, 
2-oxocyclohexylcyclohexylmethylsulfonium, trinaphthyl 
sulfonium, tribenZylsulfonium, diphenylmethylsulfonium, 
dimethylphenylsulfonium, 2-oxo-2-phenylethylthiacyclo 
pentanium, diphenyl-2-thienylsulfonium, 4-n-butoxynaph 
thyl-l -thiacyclopentanium, 2-n-butoxynaphthyl- l -thiacy 
clopentanium, 4-methoxynaphthyl-l -thiacyclopentanium, 
and 2-methoxynaphthyl- l -thiacyclopentanium. 
Inter alia, triphenylsulfonium, 4-tert-butylphenyldiphenyl 
sulfonium, 4-tert-butoxyphenyldiphenylsulfonium, tris(4 
tert-butylphenyl)sulfonium, tris(4-tert-butoxyphenyl)sulfo 
nium, and dimethylphenylsulfonium are preferred. 

In formula (l), R1 is a hydrogen atom, ?uorine atom, 
methyl group or tri?uoromethyl group, With hydrogen and 
methyl being preferred. The subscript n is 0 or 1. A is a 
divalent C2-C2O hydrocarbon group of cyclic structure Which 
may contain a heteroatom, and may be either an alicyclic 
hydrocarbon or aromatic hydrocarbon. Exemplary alicyclic 
hydrocarbons include cyclopropane, cyclobutane, cyclopen 
tane, cyclohexane, cycloheptane, cyclooctane, cyclononane, 
cyclodecane, cycloundecane, cyclododecane, cyclotride 
cane, cyclotetradecane, cyclopentadecane, decalin, bicyclo 
[4.3 .0]nonane, tricyclo[5.3 .l .02’6]decane, tetracyclo 
[6.2. l . l3 ’6.02’7]decane, perhydropentalene, 
perhydroheptalene, perhydroaZulene, perhydroindene, spiro 
[3.3]heptane, spiro[3.4]octane, spiro[4.5]decane, bicyclo 

(4 -hydroxy-3, 5-dimeth 
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[2.2.1]heptane, bicyclo[2.2.2]octane, adamantane, and 
noradamantane. Exemplary aromatic hydrocarbons include 
benzene, naphthalene, phenanthrene, anthracene, aZulene, 
and acenaphthylene. Suitable heteroatom-containing cyclic 
compounds include oxirane, oxetane, oxolane, dioxolane, 
oxane, 1,3-dioxane, 1,4-dioxane, 7-oXa-bicyclo[2.2.l]hep 
tane, thiophene, pyrrolidine, piperidine, and morpholine as 
Well as tetralin and indane. Also included are the foregoing 
groups in Which some hydrogen atoms are substituted by 
hydroxyl, alkoxy, carboxy, alkoxycarbonyl, oxo, amino, 
alkylamino, cyano, mercapto, alkylthio, sulfo, and other 
groups. Those hydrocarbons from Which tWo hydrogen atoms 
have been eliminated are the divalent hydrocarbon groups. 

Speci?cally exemplary structures of the anion moiety in 
formula (1) are illustrated beloW, but not limited thereto. 
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It is appreciated that the polymeriZable anion-containing 
sulfonium salts of formula (1) are merely illustrative, and 
iodonium salts or ammonium salts having such a polymeriZ 
able anion may be synthesized by the same method as the 
invention and equally applicable to the polymer, resist com 
position and pattem-forming process to be described later. 

Illustrative non-limiting examples of the iodonium cation 
include diphenyliodonium, bis(4-methylphenyl)iodonium, 
bis(4-(1,1-dimethylethyl)phenyl)iodonium, bis(4-(1,1-dim 
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ethylpropyl)phenyl)iodonium, and (4-(l,l-dimethylethoxy) 
phenyl)phenyliodonium. Illustrative non-limiting examples 
of the ammonium salt include tertiary ammonium salts such 
as trimethylammonium, triethylammonium, tributylammo 
nium and N,N-dimethylanilinium, and quaternary ammo 
nium salts such as tetramethylammonium, tetraethylammo 
nium, and tetrabutylammonium. The iodonium salt having 
the speci?c polymeriZable anion and a polymer having the 
iodonium salt in recurring units may be used as a component 
having a photoacid generating ability or thermal acid gener 
ating ability. The ammonium salt having the speci?c poly 
meriZable anion and a polymer having the ammonium salt in 
recurring units may be used as a thermal acid generator. 

The second aspect of the invention relates to a polymer or 
high-molecular Weight compound capable of generating a 
sulfonic acid in response to high-energy radiation (e.g., UV, 
deep-UV, EUV, electron beam, x-ray, excimer laser, gamma 
ray and synchrotron radiation) or heat, the sulfonic acid com 
prising recurring units of the general formula (la): 

(la) 

Herein R1 is hydrogen, ?uorine, methyl or tri?uoromethyl, A 
is a divalent C2-C2O hydrocarbon group of cyclic structure 
Which may contain a heteroatom, and n is 0 or 1. 

In formula (la), R1, A and n are as de?ned above. When an 
acid generator is incorporated in a polymer unit (referred to as 
polymer-bound PAG, hereinafter), acid diffusion is sup 
pressed and as a consequent, parameters such as exposure 
latitude and mask error factor may be improved, but line 
Width roughness (LWR) may be degraded. When a resist 
composition comprising a polymer having the sulfonium salt 
of the invention incorporated therein is used, LWR may also 
be improved because the polymer-bound PAG is endoWed 
With an appropriate mobility due to the interposition of a 
linker unit represented by A in formula (la). Since the acid 
generator has ?uorine atoms at ot-position relative to the 
sulfonic acid, it generates a sulfonic acid upon exposure to 
high-energy radiation, the sulfonic acid having a very high 
strength enough to facilitate e?icient scission of acid labile 
groups in chemically ampli?ed resist compositions. The com 
pound is quite useful as a monomer for producing a base resin 
in a radiation-sensitive resist composition. 
NoW the method for synthesizing the sulfonium salt having 

a polymeriZable anion represented by formula (1) according 
to the invention is described. 

The sulfonium salt having a polymeriZable anion repre 
sented by formula (1) can be synthesiZed by converting a 
carboxylic acid having a polymeriZable functional group 
such as (meth)acryloyl or vinyl (CH2:CRli(COO)n-A 
COOH) into a carboxylic acid chloride and reacting it With 
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triphenylsulfonium l , l -di?uoro -2 -hydroxyethanesulfonate, 
Which has been synthesiZed as described beloW, under basic 
conditions. The reaction may preferably be carried out by 
dissolving the reactants in a solvent such as methylene chlo 
ride, tetrahydrofuran or acetonitrile, adding a base such as 
triethylamine, pyridine or 4-dimethylaminopyridine thereto, 
and cooling or heating the system as desired. 
The synthesis formulation described above is merely 

exemplary and the invention is not limited thereto. 
Brie?y noted herein is the synthesis of triphenylsulfonium 

l,l-di?uoro-2-hydroxyethanesulfonate. The desired com 
pound may be synthesiZed by reacting 2-bromo-2,2-di?uo 
roethanol With a carboxylic acid chloride to form 2-bromo 
2,2-di?uoroethyl alkanecarboxylate or 2-bromo-2,2 
di?uoroethyl arenecarboxylate, converting the bromo group 
into sodium sul?nate using a sulfur compound such as 
sodium dithionite, and converting sul?nic acid into sulfonic 
acid using an oxidiZing agent such as hydrogen peroxide. The 
outline of the process is illustrated beloW. 
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Herein R8 is a straight, branched or cyclic C l-C2O alkyl group 
Which may contain a heteroatom. 

The steps of esteri?cation, conversion from alkane halide 
to sodium sul?nate, and conversion to sulfonic acid are Well 
knoWn, While the formulations used in the latter tWo steps are 
described in JP-A 2004-2252. 

Subsequent ion exchange reaction betWeen the resulting 
sodium sulfonate and a sulfonium salt compound yields the 
desired sulfonium salt. With respect to ion exchange reaction, 
reference is made to JP-A 2007-145797. 

F 

Herein, R2 to R4 and R8 are as de?ned above. X- is a 
counter anion. Exemplary anions include, but are not limited 

0 
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to, halide ions such as 1', Br“ and Cl“, sulfate and alkylsulfate 
anions such as sulfate and methylsulfate anions, carboxylate 
anions such as acetate and benZoate, alkanesulfonates such as 
methanesulfonate and propanesulfonate, arenesulfonates 
such as benZenesulfonate and p-toluenesulfonate, and 
hydroxide. 

Further, the acyl group RSCOi introduced as above is 
subjected to ester hydrolysis or solvolysis, thereby synthesiZ 
ing triphenylsulfonium 1,1-di?uoro-2-hydroxyethane-sul 
fonate. The outline of the process is illustrated below. 

Note that R2 to R4 and R8 are as de?ned above, and Me is 
methyl. 

This formulation makes it possible to introduce R8, even 
When R8 is a labile substituent group, through esteri?cation of 
1,1-di?uoro-2-hydroxyethanesulfonate. Sulfonium salts 
other than triphenylsulfonium and iodonium salts may be 
similarly synthesiZed. 

The starting sulfonium and iodonium salts may be synthe 
siZed according to the teachings of The Chemistry of Sulfo 
nium Group Part 1, J ohn-Wiley & Sons (1981), Advanced 
Photochemistry, vol. 17, John-Wiley & Sons (1992), J. Org. 
Chem., 1988, 53, 5571-5573, JP-A 8-311018, JP-A 9-15848, 
JP-A 2001 -122850, JP-A 7-25846, JP-A 2001-181221, JP-A 
2002-193887, and JP-A 2002-193925. An onium cation hav 
ing an acryloyloxy or methacryloyloxy group as a polymer 
iZable substituent group may be synthesiZed according to the 
methods ofJP-A 4-230645 and JP-A 2005-84365, by reacting 
a hydroxyphenyldiphenylsulfonium halide (preformed) With 
acryloyl chloride of methacryloyl chloride under basic con 
ditions. 

Polymer 
The polymer or high-molecular Weight compound of the 

invention comprises recurring units derived from the sulfo 
nium salt having a polymeriZable anion represented by for 
mula (1). Speci?cally, the recurring units derived from the 
sulfonium salt having a polymeriZable anion represented by 
formula (1) include units of the general formula (1b): 

5 

25 

30 

35 

40 

45 

50 

55 

60 

65 

18 

(1b) 
H R1 

( ) 

H O 

O 
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so; +?—R3 
F 1: R2 

wherein R1 to R4, A and n are as de?ned above. 

In addition to the recurring units of formula (1b), the poly 
mer of the invention may further comprise recurring units of 
at least one type selected from the general formulae (2) to (6). 

(Z) 

(3) 

OH 

(4) 

(5) 
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-continued 
(6) 

H R1 

( ) 

H O 

Herein R1 is as de?ned above, R5 and R6 are each indepen 
dently a hydrogen atom or hydroxyl group, X is an acid labile 
group,Y is a lactone structure-containing substituent group, Z 
is hydrogen, a Cl-Cl5 ?uoroalkyl group or a Cl-Cl5 ?uoro 
alcohol-containing substituent group, N is an integer of 0 to 2, 
R7 is a hydrogen atom or Cl-Cl0 alkyl group, B is a single 
bond or a divalent C 1 -C 1 O hydrocarbon group Which may have 
oxygen substituted thereon, a is an integer of 0 to 3, and b is 
an integer of l to 3. 
Under the action of an acid, a polymer comprising recur 

ring units of formula (2) is decomposed to generate a car 
boxylic acid and turns into an alkali-soluble polymer. 

The acid labile group represented by X may be selected 
from a variety of such groups, for example, groups of the 
folloWing general formulae (L1) to (L4) and (L2-2), tertiary 
alkyl groups of 4 to 20 carbon atoms, preferably 4 to 15 
carbon atoms, trialkylsilyl groups in Which each alkyl moiety 
has 1 to 6 carbon atoms, and oxoalkyl groups of 4 to 20 carbon 
atoms. 

(L1) 
RLOl 

____C_ORL03 

RLOZ 
0 (L2) 

-----(CH2)y—C—ORL04 
(L3) 

RLOS 

The broken line indicates a valence bond. 
In formula (Ll), RL01 and RL02 are hydrogen or straight, 

branched or cyclic alkyl groups of l to 18 carbon atoms, 
preferably 1 to 10 carbon atoms. Examples include hydrogen, 
methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, tert-butyl, 
cyclopentyl, cyclohexyl, 2-ethylhexyl, n-octyl, norbornyl, 
tricyclodecanyl, tetracyclododecanyl, and adamantyl. 
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RL03 is a monovalent hydrocarbon group of l to 18 carbon 

atoms, preferably 1 to 10 carbon atoms, Which may contain a 
hetero atom such as oxygen, examples of Which include 
straight, branched or cyclic alkyl groups and substituted 
forms of these groups in Which some hydrogen atoms are 
replaced by hydroxyl, alkoxy, oxo, amino, alkylamino or the 
like. Examples of the substituted alkyl groups are shoWn 
beloW. 

A pair of RL01 and RLO2, RL01 and RLO3, or RL02 and RL03 
may bond together to form a ring With the carbon and oxygen 
atoms to Which they are attached. Each of RL 01, RL02 and RL03 
is a straight or branched alkylene group of l to 18 carbon 
atoms, preferably 1 to 10 carbon atoms When they form a ring. 

In formula (L2), RLO4 is a tertiary alkyl group of 4 to 20 
carbon atoms, preferably 4 to 15 carbon atoms, a trialkylsilyl 
group in Which each alkyl moiety has 1 to 6 carbon atoms, an 
oxoalkyl group of 4 to 20 carbon atoms, or a group of formula 
(Ll). Exemplary tertiary alkyl groups are tert-butyl, tert 
amyl, l,l-diethylpropyl, 2-cyclopentylpropan-2-yl, 2-cyclo 
hexylpropan-2-yl, 2-(bicyclo [2 .2 . l ]heptan-2 -yl)propan-2-yl, 
2-(adamantan-l -yl)propan-2 -yl, l -ethylcyclopentyl, l -butyl 
cyclopentyl, l-ethylcyclohexyl, l-butylcyclohexyl, l-ethyl 
2-cyclopentenyl, l-ethyl-2-cyclohexenyl, 2-methyl-2-ada 
mantyl, and 2-ethyl-2-adamantyl. Exemplary trialkylsilyl 
groups are trimethylsilyl, triethylsilyl, and dimethyl-tert-bu 
tylsilyl. Exemplary oxoalkyl groups are 3-oxocyclohexyl, 
4-methyl-2-oxooxan-4-yl, and 5-methyl-2-oxooxolan-5-yl. 
In formula (L2), y is an integer of 0 to 6. 

In formula (L2-2), RLO4 is as de?ned above, and examples 
of the moiety of the formula: 

0 

|| 
----A—C—O--- 

are given beloW. 

O 

O O 

Herein W is an oxygen atom or CH2, and M is an integer of l 
to 3. 

In formula (L3), RLO5 is a substituted or unsubstituted, 
C l-C8 straight, branched or cyclic alkyl group or a substituted 
or unsubstituted C6-C2O aryl group. Examples of the substi 
tuted or unsubstituted alkyl groups include straight, branched 
or cyclic ones such as methyl, ethyl, propyl, isopropyl, n-bu 
tyl, sec-butyl, tert-butyl, tert-amyl, n-pentyl, n-hexyl, cyclo 
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pentyl and cyclohexyl; and of the foregoing in Which some 
hydrogen atoms are replaced by hydroxyl, alkoxy, carboxy, 
alkoxycarbonyl, oxo, amino, alkylamino, cyano, mercapto, 
alkylthio, sulfo or other groups. Exemplary substituted or 
unsubstituted aryl groups are phenyl, methylphenyl, naph 
thyl, anthryl, phenanthryl, and pyrenyl. In formula (L3), m is 
0 or 1, n is 0,1,2 or 3, and 2 m+n is equal to 2 or 3. 

In formula (L4), RLO6 is a substituted or unsubstituted, 
C 1 -C8 straight, branched or cyclic alkyl group or a substituted 
or unsubstituted C6-C2O aryl group. Examples of these groups 
are the same as exempli?ed for RLO5 . RLO7 to RLl6 indepen 
dently represent hydrogen or monovalent C l-C 15 hydrocar 
bon groups. Exemplary hydrocarbon groups are straight, 
branched or cyclic alkyl groups such as methyl, ethyl, propyl, 
isopropyl, n-butyl, sec-butyl, tert-butyl, tert-amyl, n-pentyl, 
n-hexyl, n-octyl, n-nonyl, n-decyl, cyclopentyl, cyclohexyl, 
cyclopentylmethyl, cyclopentylethyl, cyclopentylbutyl, 
cyclohexylmethyl, cyclohexylethyl and cyclohexylbutyl, and 
substituted forms of the foregoing in Which some hydrogen 
atoms are replaced by hydroxyl, alkoxy, carboxy, alkoxycar 
bonyl, oxo, amino, alkylamino, cyano, mercapto, alkylthio, 
sulfo or other groups. Alternatively, tWo of RL07 to RLl6 may 
bond together to form a ring With the carbon atom to Which 
they are attached (for example, a pair of RL07 and RLOS, RL07 
and RLO9’ RLOS and RLlO’ RLO9 and RLlO’ RLll and RLl2’ RL13 
and RLM, or a similar pair form a ring). Each of RL07 to RLl6 
represents a divalent C l-C 15 hydrocarbon group When they 
form a ring, examples of Which are the ones exempli?ed 
above for the monovalent hydrocarbon groups, With one 
hydrogen atom being eliminated. TWo of RL07 to RL 16 Which 
are attached to Vicinal carbon atoms may bond together 
directly to form a double bond (for example, a pair of RL O7 and 
RLO9, RL09 and KL”, RL13 and KL”, or a similar pair). 
Of the acid labile groups of formula (Ll), the straight and 

branched ones are exempli?ed by the folloWing groups. 
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-continued 

r" 

Of the acid labile groups of formula (Ll), the cyclic ones 
are, for example, tetrahydrofuran-2-yl, 2-methyltetrahydro 
furan-2-yl, tetrahydropyran-2-yl, and 2-methyltetrahydropy 
ran-2-yl. 

Examples of the acid labile groups of formula (L2) include 
tert-butoxycarbonyl, tert-butoxycarbonylmethyl, tert-amy 
loxycarbonyl, tert-amyloxycarbonylmethyl, l,l-diethylpro 
pyloxycarbonyl, l , l -diethylpropyloxycarbonylmethyl, 
l -ethylcyclopentyloxycarbonyl, l -ethylcyclopentyloxycar 
bonylmethyl, l-ethyl-2-cyclopentenyloxycarbonyl, l-ethyl 
2-cyclopentenyloxycarbonylmethyl, l-ethoxyethoxycarbon 
ylmethyl, 2-tetrahydropyranyloxycarbonylmethyl, and 
2-tetrahydrofuranyloxycarbonylmethyl groups. 

Examples of the acid labile groups of formula (L2-2) 
include 9-(tert-butyloxycarbonyl)-5-oxo-4-oxatricyclo 
[4.2. l .03 ’7]-nonan-2-yl, 9-(tert-amyloxycarbonyl)-5-oxo-4 
oxatricyclo [4.2.1 .03 ’7]nonan-2-yl, 9-(2-(adamantan-l -yl) 
propan-2 -yloxycarbonyl)-5 -oxo-4-oxa-tricyclo [4.2. l .03 J] 
nonan-2-yl, 9-(1-ethylcyclopentyloxycarbonyl)-5 -oxo -4 
oxatricyclo-[4.2. l .03’7]nonan-2-yl, 9-(1 
butylcyclopentyloxycarbonyl)-5-oxo-4-oxatricyclo 
[4.2. l .03 ’7]nonan-2-yl, 9-(1-ethylcyclohexyloxycarbonyl) 
5-oxo-4-oxatricyclo-[4.2. l .03 ’7]nonan-2-yl, 9-(1 
butylcyclohexyloxycarbonyl)-5-oxo-4-oxatricyclo 
[4 .2. l .03 ’7]nonan-2 -yl, 9-(2-methyl-2 
adamantyloxycarbonyl)-5 -oxo -4 -oxatricyclo-[4 .2 .l .03 ’7] 
nonan-2-yl, 9-(2-ethyl-2-adamantyloxycarbonyl)-5-oxo-4 
oxatricyclo-[4.2. l .03 ’7]nonan-2 -yl, 9-(4-ethyltetracyclo 
[6.2. l . l3 ’6.02’7]dodecan-4-yloxycarbonyl)-5-oxo-4 
oxatricyclo [4.2.1 .03 ’7]nonan-2-yl, 2-(9-(tert 
butyloxycarbonyl)-5-oxo-4-oxatricyclo[4.2. l .03’7]-nonan-2 
yloxy)-2-oxoethyl, 2-(9-(tert-amyloxycarbonyl)-5-oxo-4 
oxatricyclo [4.2.1 .03 ’7] -nonan-2-yloxy)-2-oxoethyl, 2-(9-(2 
(adamantan- l -yl)propan-2 -yloxycarbonyl)-5-oxo-4-oxa 
tricyclo [4.2.1 .03 ’7]nonan-2-yloxy)-2-oxoethyl, 2-(9-(1 
ethylcyclopentyloxycarbonyl)-5-oxo-4-oxatricyclo 
[4 .2. l .03 ’7]nonan-2 -yloxy) -2-oxoethyl, 
butylcyclopentyloxycarbonyl)-5-oxo-4-oxatricyclo 
[4.2. l .03 ’7]nonan-2-yloxy)-2-oxoethyl, 2-(9-(1 
ethylcyclohexyloxycarbonyl)-5-oxo-4-oxatricyclo-[4.2. l .03’ 
7]nonan-2-yloxy) -2 -oxoethyl, 2-(9-(1 
butylcyclohexyloxycarbonyl)-5-oxo-4-oxatricyclo 
[4.2. l .03 ’7]nonan-2-yloxy)-2-oxoethyl, 2-(9-(2-methyl-2 
adamantyloxycarbonyl)-5 -oxo -4 -oxatricyclo-[4 .2 .l .03 J] 
nonan-2-yloxy)-2-oxoethyl, 2-(9-(2-ethyl-2 
adamantyloxycarbonyl)-5 -oxo -4 -oxatricyclo-[4 .2 .l .03 J] 
nonan-2-yloxy)-2-oxoethyl, 2-(9-(4-ethyltetracyclo 
[6.2. l . l3 ’6.02’7]dodecan-4-yloxy-carbonyl)-5-oxo-4 
oxatricyclo [4.2.1 .03 ’7]nonan-2-yloxy)-2-oxoethyl, 4-(9 
(tert-butyloxycarbonyl)-5-oxo-4-oxatricyclo[4.2. l .03 ’7] 
nonan-2-yloxy)-4-oxobutyl, 4-(9-(tert-amyloxycarbonyl)-5 
oxo-4-oxatricyclo[4 .2 .l .03 ’7] -nonan-2 -yloxy) -4-oxobutyl, 
4-(9-(2-(admantan- l -yl)propan-2-yloxycarbonyl)-5-oxo -4 
oxa-tricyclo[4.2. l .03’7]nonan-2-yloxy)-4-oxobutyl, 4-(9-(1 
ethylcyclopentyloxycarbonyl)-5-oxo-4-oxatricyclo 
[4 .2. l .03 ’7]nonan-2 -yloxy) -4-oxobutyl, 4-(9-(1 
butylcyclopentyloxycarbonyl)-5-oxo -4-oxatricyclo 
[4 .2. l .03 ’7]nonan-2 -yloxy) -4-oxobutyl, 4-(9-(1 
ethylcyclohexyloxycarbonyl)-5-oxo-4-oxatricyclo-[4.2. l .03’ 
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7]nonan-2 -yloxy) -4-oxobutyl, 
butylcyclohexyloxycarbonyl)-5-oxo-4-oxatricyclo 
[4.2.1.03’7]nonan-2-yloxy)-4-oxobutyl, 4-(9-(2-methyl-2 
adamantyloxycarbonyl)-5 -oxo -4 -oxatricyclo- [4 .2 .1 .03 ’7] 
nonan-2 -yloxy) -4 -oxobutyl, 4-(9-(2 -ethyl-2 
adamantyloxycarbonyl)-5 -oxo -4 -oxatricyclo- [4 .2 .1 .03 ’7] 
nonan-2 -yloxy) -4 -oxobutyl, 4-(9-(4-ethyltetracyclo 
[6.2.1.13’6.02’7]dodecan-4-yloxy-carbonyl)-5 -oxo-4 
oxatricyclo [4 .2 .1 .03 ’7]nonan-2 -yloxy) -4 -oxobutyl, etc. 

Examples of the acid labile groups of formula (L3) include 
1 -methylcyclopentyl, 1 -ethylcyclopentyl, 1-n-propylcyclo 
pentyl, l-isopropylcyclopentyl, 1-n-butylcyclopentyl, 1-sec 
butylcyclopentyl, 1-cyclohexylcyclopentyl, 1-(4-methoxy-n 
butyl)cyclopentyl, 1-methylcyclohexyl, 1-ethylcyclohexyl, 
3 -methyl-1-cyclopenten-3 -yl, 3-ethyl-1-cyclopenten-3-yl, 
3 -methyl-1 -cyclohexen-3 -yl, and 3 -ethyl-1 -cyclohexen-3-yl. 
Of the acid labile groups of formula (L4), those groups of 

the following formulae (L4-1) to (L4-4) are more preferred. 

(L4-1) 

R1141 

(L4-2) 

R1141 

(L4-3) 

(L4-4) 

RIAI 

In formulae (L4-1) to (L4-4), the broken line denotes a 
bonding site and direction. RL41 is each independently 
selected from monovalent hydrocarbon groups, typically 
straight, branched or cyclic C 1 -C 10 alkyl groups, for example, 
methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, tert-butyl, 
tert-amyl, n-pentyl, n-hexyl, cyclopentyl, and cyclohexyl. 

For formulas (L4-1) to (L4-4), there can exist enantiomers 
and diastereomers. Each of formulae (L4-1) to (L4-4) collec 
tively represents all such stereoisomers. Such stereoisomers 
may be used alone or in admixture. 

For example, the general formula (L4-3) represents one or 
a mixture of tWo selected from groups having the folloWing 
general formulas (L4-3-1) and (L4-3-2). 
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16% 
L41 

(L4-3-1) 

(L4-3-2) 

Similarly, the general formula (L4-4) represents one or a 
mixture of tWo or more selected from groups having the 

folloWing general formulas (L4-4-1) to (L4-4-4). 

(L4-4-1) 

R1141 

(L4-4-2) 

R1141 

(L4-4-3) 

(L4-4-4) 

Each of formulas (L4-1) to (L4-4), (L4-3-1) and (L4-3-2), 
and (L4-4-1) to (L4-4-4) collectively represents an enanti 
omer thereof and a mixture of enantiomers. 

It is noted that in the above formulas (L4-1) to (L4-4), 
(L4-3-1) and (L4-3-2), and (L4-4-1) to (L4-4-4), the bond 
direction is on the exo side relative to the bicyclo[2.2.1] 
heptane ring, Which ensures high reactivity for acid catalyZed 
elimination reaction (see JP-A 2000-336121). In preparing 
these monomers having a tertiary exo-alkyl group of bicyclo 
[2.2.1]heptane skeleton as a substituent group, there may be 
contained monomers substituted With an endo-alkyl group as 

represented by the folloWing formulas (L4-1-endo) to (L4-4 
endo). For good reactivity, an exo proportion of at least 50 
mol % is preferred, With an exo proportion of at least 80 mol 
% being more preferred. 






























































































